It has been shown earlier, that for packets of dipolar spin waves propagating in a ferrite film it is possible to realize a non-adiabatic regime of parametric pumping interaction, where the pumping field is strongly localized in the region of the order of the spin wave (SW) carrier wavelength [1] . This regime of interaction is particularly important for the amplification of SW envelope solitons, as it allows to realize simultaneous amplification and compression of SW packets and thus to obtain extremely large single-soliton amplification gains of up to 17 dB [2, 3] .
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It has been shown earlier, that for packets of dipolar spin waves propagating in a ferrite film it is possible to realize a non-adiabatic regime of parametric pumping interaction, where the pumping field is strongly localized in the region of the order of the spin wave (SW) carrier wavelength [1] . This regime of interaction is particularly important for the amplification of SW envelope solitons, as it allows to realize simultaneous amplification and compression of SW packets and thus to obtain extremely large single-soliton amplification gains of up to 17 dB [2, 3] .
Parametric amplification of spin wave solitons is achieved by interaction of propagating SW packets with a pulsed localized electromagnetic pumping field of double frequency [4, 5] . In this process, and in addition to the amplification of the initial spin wave, a new phase conjugated spin wave or so-called "idle" wave is generated. In the non-adiabatic case, as considered here, this "idle" wave co-propagates with the initial spin wave and can lead both to an increase of the amplitude of the output signal by a factor of two or to its suppression as a result of constructive or destructive interference [1] . Thus, if the signal and pumping pulses have random initial phases, interference causes random modulation (beating) of the output amplified signal, which is undesirable for signal processing.
In this contribution we report on the first experimental realization of a fixed-phase non-adiabatic amplification of a SW packet. The output signal is stable, and no beating was observed. We show, that the amplitude of the amplified output pulse can be changed in the range of 15 dB by varying the phase shift between the signal and the pumping waves. Figure 1 shows a schematic diagram of the experimental setup. Its main part is a spin wave delay line, which consists of a strip of an yttrium-iron-garnet (YIG) film and a pair of short-circuited microstrip antennae. The YIG film is indicated by the gray rectangular strip in Fig. 1 . The parameters are: width: 1.5 mm, length: 18 mm, thickness: 5 µm, saturation magnetization 4πM s = 1750 G, ferromagnetic resonance linewidth 2∆H = 0.35 Oe.
The antennae are made on one side of a shielded dielectric substrate with dielectric permeability 9.8. They are situated transversely to the long side of the YIG sample and are separated by 8 mm.
One of the antennae is used for the excitation of spin waves and the other for their detection after traveling the distance between the antennae. The antennae's width and length are 50 µm and 2.5 mm respectively. In the middle between the input and the output antenna we placed a thin (50 µm) microstrip pumping transducer which was oriented transversely to the long side of the YIG strip. This transducer was made as a half-wavelength resonator (quality factor 30) connected to the pumping transmission line by a capacitive coupling. Due to the high dielectric permeability of the substrate the pumping microwave field is localized close to the resonator and forms an active area of parametric interaction with length L of the order of several microstrip widths (50 − 100 µm) in the direction of SW propagation.
A bias magnetic field of H 0 = 1850 Oe was applied along the YIG strip, i.e., along the spin wave propagation direction, as shown in Fig. 1 . In this geometry, backward volume magnetostatic waves (BVMSW) exist and are able to form bright envelope solitons, which can be efficiently parametrically amplified by the external microwave magnetic field. These BVMSW modes are usually used in experiments on parametric amplification of linear and nonlinear spin wave pulses [1] [2] [3] [4] [5] . In these experiments linear SW packets were amplified to simplify the situation and to avoid any spurious influence of any nonlinear effects on the amplification process and shape of the output signal. The input SW packet was exited by a rectangular electromagnetic pulse of 30 ns duration having a carrier frequency of f sg = 7258 MHz and a power of P sg = 2 mW. The shape of the output signal was bell-like with 24 ns duration (measured on half-height level) due to the distortions created by the limited frequency band of the delay line and by the spin wave dispersion in the film. The delay time T D was equal to 300 ns. Using an applied field of 1850 Oe, a carrier frequency of 7258 MHz, and a total value of the uniaxial and the cubic crystallographic anisotropy field of −85 Oe, a calculation yields the BVMSW group velocity of v gr = 2.6 cm/µs at the carrier wave number k sg of approximately 120 rad/cm. This value corresponds well to the experimental delay time T D of the non-amplified SW pulse. The wavelength of the carrier spin wave is 2π/k sg = 520 µm. This value is much larger than the length L of the active area of parametric interaction and satisfies well the non-adiabatic condition k sg L ≤ 1 [1] .
A double-frequency ( f pm = 2 f sg ) pumping pulse of duration 30 ns and power P pm = 8 W was supplied to the pumping transducer when the input pulse has approached the area of the pumping field localization. The pumping pulse duration of 30 ns was approximately equal to the time that was necessary for the SW packet to move through the area of parametric interaction. The maximum amplification of the output signal was 15 dB. A further increase of the duration of the pumping pulse had no influence on the amplification factor.
The pulse repetition rate of the input and pumping signals was set at 10 kHz to avoid an overheating of the sample by the pumping power.
Since the carrier wave of the pumping pulse was produced by doubling the frequency of the signal carrier wave (see Fig. 1 ), it was easy to control the phase shift between these waves using a phase shifter situated either in the signal (as demonstrated in Fig. 1 ) or in the pumping channel of the microwave circuit. The used phase shifter enables us to shift the phase of the signal and the pumping currier waves in the range (0, 2π) and (0, 4π) respectively.
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The first result of applying the pump wave to the YIG film waveguide was the aforementioned amplification of input SW packets of up to 15 dB, which was identified by the increase in intensity of the pulses received by the output antenna. In addition, a strong compression of the amplified wave packet was observed, i.e. the width of the output pulse at half-height level decreased from 24 ns without pumping to 17 ns. Such compression can arise either as a consequence of a nonlinear interaction inside the SW packet or as a result of an amplification of only a part of the SW packet [3] . However, since in our experiment the duration of the pumping pulse was the same as the duration of the input signal, and since the increase in pumping duration did not influence the duration of the amplified signal, the compression could not be directly associated with the process of parametric interaction. Therefore, we interpret this compression as being due to the process of soliton formation started after the amplification of the input wave packet.
The second important result is that the output signal is stable, showing no amplitude pulsation, and the output pulse preserves its bell-shaped appearance in the entire range of amplification gain.
The amplification is easily controlled by the phase shift between the pumping and signal carrier waves using the external phase shifter (Fig. 1) . The power of the output signal could be changed from its maximum value corresponding to 15 dB amplification to the minimum value corresponding to almost no gain. The dependence of the power of the amplified signal pulse on the phase shift of the signal carrier waves is shown in Fig. 2 . This curve clearly demonstrates the oscillation of the power of the output signal with the period of π. A similar dependence of the output pulse peak power on the phase shift of the pumping carrier wave demonstrates the oscillation of the amplification with a period of 2π. The observed behavior of the power of the output signal is caused by the interference of two waves: the parametrically amplified input spin wave and the co-propagating idle wave, created by non-adiabatic pumping of the input wave. The frequency f i and the propagation direction (or the wave vector k i ) of the created idle wave are defined by the energy and momentum conservation laws. For the one-dimensional case of three-wave (first order) parametric interaction discussed here (the waves propagate along the direction of the bias magnetic field) the conservation laws are formulated as scalar equations
where f pm and k pm are the frequency and wave number of the parametric pumping. Since we are using doubled-frequency ( f pm = 2 f sg ) pumping, the frequencies of the signal and the idle waves are equal. In our non-adiabatic case the length L of the pumping localization area is such that 2π/L ≥ 2k sg , and thus the wave number spectrum of the pumping contains components with k pm = 2k sg . It means that there is an idle wave that co-propagates with the signal wave. Thus we have a situation where two spin waves of equal frequency propagate in one direction and interfere. It is well known from the theory of parametric interaction [6] that the phase of the amplified signal wave coincides with the phase of the input signal φ sg . On the other hand, the phase φ i of the idle wave depends also on the phase of the pumping wave, φ pm : φ i = φ pm − φ sg + π/2. It is evident that a phase shift of the input signal wave by π (or a phase shift of the pumping phase by 2π) will lead to a phase shift between the signal and the idle wave by 2π. As a result the output signal formed by the two interfering waves consecutively changes its peak power from one extremum to another as it is shown in Fig. 2 .
It was also found that the peak power of the output pulse oscillates between its minimum and its maximum value both as functions of the bias magnetic field and the frequency of the microwave source. For example, for a constant bias magnetic field H 0 = 1850 Oe, the transition between two 32 AG Magnetismus Universität Kaiserslautern consecutive minima of the peak power of the output pulse was obtained for a frequency change of 3.1 MHz. It is evident that the nature of these effects is the same as the above-analyzed case of controlled phase shift and is based on the change of the phase of the carrier spin wave with respect to the phase of the electromagnetic pumping in the area of parametric interaction. The origin of this phase shift is a time delay of the input signal wave in the YIG film. Since such a delay depends on both the bias magnetic field and the SW signal carrier frequency, the YIG waveguide plays a role of an additional tunable phase shifter situated in the signal channel of the experimental setup. The additional phase shift ∆φ sg arising from a signal frequency change of ∆ f sg = 3.1 MHz can be calculated as 2π f sg l/ν ph , where l and ν ph are the distance from the input antenna to the active area and the phase velocity of the spin wave, respectively. For our experimental conditions this phase shift can be estimated as ∆φ sg 0.9π. This value is in good agreement with the observed period of the oscillation of the output power (Fig. 2 ).
To summarize, the non-adiabatic regime of parametric amplification of propagating spin wave packets was realized for the case of a controlled phase shift between the carrier spin wave and the electromagnetic pumping field. The strongly (15 dB) amplified and significantly (1.4 times) compressed output signal is stable and exhibits no magnitude pulsation. The amplitude of the amplified signal is controlled in the range of 15 dB (between maximum and minimum values) by changing the phase of either the signal's carrier wave by π/2 or the pumping wave by π. Thus, the potential for practical applications of a non-adiabatic parametric amplifier for the amplification and compression of propagating microwave radio-pulses has been clearly demonstrated.
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